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DEPOL YMERI Z ED HEXQS AMI NQGLUC AN SULFATES' ENDOWED WITH AN 

ANTXIN AGTiyiTY > 

THEIR PROCESS OF PREPARATION AND RELATED PHAR^CgPTXCAL 
COMPOSITIONS 

The present invention concerns a process for the 
preparation of oligosaccharides by a controlled chemical 
depo 1 yme r i z at ion of riat ur al ^po ly s accha such : : as.;vhepa^:- : 

rins/ heparan s uif a t e s > • ; derma tan suliates> ctibridro it i n ?ul 
S fates ,.• hyaluronic acid. • 

The inventipn also concerns the new resulting pro- 
ducts as well as -their related pharmaceutical compos i- 
tions . 

Actually f the resulting products have a high capa- 
10 city of inhibiting the Xa factor, a high antithrombotic 
activity, poor or no anticoagulant activity, a high fi- 
brinolytic activity, and an antiinflammatory activity. 

Said products are also endowed with a good bioavai- 
lability, after oral administration, deriving from the * 
; 15 reduced molecular weight of the oligomers as compared with 
• the starting polysaccharides . 

The process of the invention consists in the depo- 
lymerization of a polysaccharide, in a 10-210% aqueous 
solution, at a temperature ranging between 30° and 70°C, 
20 by a radicalic reaction initiated by a peroxide or by a 
peracid such as peracetic acid, hydrogen peroxide, 3-chlo- 
ro-perbenzoic acid, sodium persulfate, cumyl hydroperoxi- 
de,' in the presence of catalytic amounts of a metal such 

„ ++ „ ++ ~ +++ ^ ~ 

as Cu or Fe , or Cr or Cr 2 0 7 , etc., in a concen- 

25 tration ranging between 0.001 and 0.1 M. 



The depolymerization product is usually isolated at 
the spiid state from the reaction solution , by precipita- 
tion with solvents or with quaternary ammonium bases. 

The resulting oligosaccharides aire usually salif led 
5 with alkaline metals, such as sodium, potassium or lithium 
or with alkaline-earth metals such as calcium or magne- 
sium. 

Heparin with a low molecular weight, i.e. ranging 
between 3,500 and 8,000 daltons, has a marked antithrombo- 
10 tic activity associated with no or scarce anticoagulant 
effect. 

: ^orebver , f ra-gmehts 6f der^fcah s^^^^rtt^x^q 
: a minimum Of 12-14 sugar residues, resulting from i degira- 
dation with periodic acid (Tollefsen DM. Nouv. Rev. Fr. 
15 Haematol., 26, 233, 1984) and fractionation on an affinity 
column, were reported to be endowed with a marked activity 
on the heparin cof actor II, this activity being higher 
than that of the unf r actiohated dermatan sulfate. On the 
other hand, no products of depolymerization of other chon- 
20 droitin sulfates and heparan sulfates are known. 

Various processes for the depolymerization of natu- 
ral heparin were described in literature. A process, sui- 
ted to obtain low molecular weight compounds, consists in 
the deaminative hydrolysis of heparin with nitrous acid in 
25 a diluted solution. The resulting compounds are 
characterized by a terminal residue consisting of 2,5-an- 
hydromannose (I): 
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CHsOR 




(I) 



■\.R = H, vSQ-H VI 

•> : : : :: ; ' (MS Patent ; Np.; 4,438,261; WO 82/0362:7, published on 
10 ,2 8. 19 82; Eur. Pat. Appl. No. 0048231) . 

10 A process was described of alkaline hydrolysis ion 

heparin (Eur. Pat. Appl. No. 0040144), or on heparin alkyl 
or aryl esters (Eur. Pat. Appl. No. 0044228), that, by 
8-elimination , leads to oligomers, with a mean molecular 
'weight of 2,000-9,000 daltons, showing the unsaturated 

15 sugar (II) as the terminal group: 




(ID 



The yields of said process are very low. 

Another depolymerization process consists in the 
enzymatic hydrolysis of heparin by heparinase, in very 
diluted solutions and in a very low yield, with formation 
of sugar (III) and glucosamine in a hemiacetalic form (IV) 
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: R = H, SO^H • 
? as terminal groups (Eur. Pat. Appl. No. 0064452; J. Biol. 
10 Ghem. r 257, 7310, 1982) . 

Prpfaeiss^s of heparin depolymerizatitin Were also 
described, based oh the use of oxidizing agents, such as 
alkaline periodates, that oxidize the ^ond between the 
proximal e -^C;| ^lydroxy 1 groups of the urisulf ated uronic 
15 acids , with* consequent labilization of the glucosidic bond 
(Casu B. "Structure and Biological Activity of Heparin"!. 
Advances in Carbdhydr. Chem. Biochem. Vol. 43, 1985, 51- 
134, Acad/ Press). 

Other processes are based on the combined action of 
20 hydrogen peroxide and of the acid pH on heparin/ at a high 
temperature (12^ under; pressure. A depplymerization 
occuirs , v?ith consequent alteration and potential impair- 
ment of the oligomers activity ( Eur . Pat. Appl. No. 
0101141, published on 8.22.1984). 
25 Other processes are based on the acid depolymeriza- 

tion by sulfuric acid and a concurrent or subsequent 
resulf atatioh with a mixture of chlorosulf onic acid (Naga- 
sawa K. et al. , Arhiv. Biochem. Biophys . , 150 , 451, 1972; 
French Patent Appl. No. 2,538,404). 
30 All these processes, described on a laboratory 
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scale > are characterised by yields and a poor re^ro^ 
ducibility r essentially in the scaling up to a pr^indu- 
: strial and industrial scale. • 

The Italian Patent : Application No. 40021 A/83, 
... 5 corresponding to the European Patent Application No. 
01 2106 7> : describes;; : -.a proceiss that uses concurrently hydro- 
: g^n peroxide, ascorbic acid and copper : acetate fbirC the 
./'/../...at'tai^ent'^pf^ oligosaccharides of a "suited ]^±eciiiki^&'ii* : - 

ght. . - ; : " . : 7 

: IQ;: Sjaid invention considers quite prolonged times of 

" ' : i$$&$&t;ji..-e+ i;^^: 1 ^^^^® ^piSr^>* highly diluted solu- 
tions of ; heparins with consequent low yields; Moreover, 
the depolymerization products result to be contimihated 
with ascorbic ac id degradation products . *; 
; I 5 > * : 'V : ;:'. : ;: ; ; : It',Sas how he<en surprisingly found that any pbly- 
saccharide of the type of heparins, heparan sulfates, 
dermatan sulfates , 'chondroitin sulfates, hyaluronic apid 
c^ii be depolyraerized, in an aqueous solution at epncentr^ .: 
tiprtS feveh higher than 10-15%, at temperatures ranging 
20 between 20 and 70°C, in a few hours time , by a radicalic: ; 
reaction initiated by a radical : e.g. ; the "OH radical, gene- 
rated in an aqueous solution from a peracid or a peroxide 
such as peracetic acid, hydrogen peroxide, 3^chlorq-per~: 
benzoic acid, cumene hydroperoxide, sodium per sulfate, 
25 benzoyl peroxide, in the presence of a catalyst, in a 
concentration ranging between 0.1 M and 0.001 M, consist- 
ing of a metal such as Cu* + , Fe ++ , Cr +++ , or of an anhy- 
dride such as Cr 0 . 

& * 

The process object of the present invention, offers 
30 the hereinbelow mentioned advantages over the already 
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known^ite 
J - Vjrapi^ . 

-attainment of polysaccharides with the desired mean 
molecular weight ; . 
5 - possibility of operating also on a large scale, in high 
concentrations of biopolymer to be depolymerized, such 
as &bv r^^ire no subsequent and expensive processes of 
concentration and pur if icatipn • ipir the recovery; ' ' : P f : \ .• thie :/. 
depoiymerized products* 
10 The ; resulting oligosaccharides are substantially 

pure since the peroxide transformation products can be 
easily -removed; and the catalyst m^taiis can be s^gue s te red 
by ED$A: ; or by siequestering resins such as, for example,: 
the ones carrying an iminodiacetic functional group, 
15 NO other contaminant is present in the reaction 

mass, unlike, for example, the case of the process of 
depo lyin^r i z at it>n based on the use of ascorbic acid th^att 
originates in turn dehydroascorbic> diketoglutar ic , ttir&p-- 
nic and oxalic acids (Niedermeier W. et al. , B.B.A. , 141 , 
20 336, • e l.l94'7li : .v^th;at' -are all possible contaminants of thfe : 
depolymerizedi polysaccharides . 

Actually, the low molecular weight products, obtai- 
ned in the present process of depolymerization, can be 
directly isolated from the reaction medium, essentially in 
25 the form of sodium salts, at a pH level around neutrality, 
with a non-solvent agent such as methanol , ethanol , ace- 
tone, dioxahe • The product can be purified by double- 
precipitation or by dissolution, elation on a column of a 
suited resin, and reprecipitation with methanol or etha- 
30 nol. 
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.■;-. : ^- e Products: of the present invehtipn cjan ^Isb bfe 
4 '. '-*4t$$&^ lithium, c^l^ium; bar i\im: : -:0r ;^raagne>- 

sium, . or can be sal if ied with organic bases such as me- 
dium- or long-chain amines, 
.'■ r.'.i'y^pr the; salification With : catlohsV;' bthet.; : th : an ^- '^o.r- 

dium, the usual procedure consists in the liberation of 
V heparinic acid or of the acids cor re spbridihg 1 to derihatan 
sulfate or heparan sulfate on a cation exchange column , 
and in the subsequent salification with the desired ca- 
10 • t ion • 

The oligosaccharides of the present invention have 
mainly the reducing terminal groups of the ;C V carbon df; 
the V and VI type. 



15 



2:0 



25 




NHR 



(V) 



For Heparin and 
Heparan ^Sulf ate 



For Derma tan 
Sulfate 




(VI) 

R = SO3H, ;- % ^:r^^^^,'-- 

R l 55 R 2 T R 3 yf:}fy'M%$:; 
R 4 = Uronic Acid : 

= Aminosugar 
R •= Ac 



R l = R 2 = H 



R^ = Uronic Acid 



* 4 = SO3H 



30 



R 5 = 4.0 Sulfated N-acetylated 
Galactosamine 



ju^t like the natural •••oiigbimfers :-,)d2" ' '/heparin • ' and ' : : <># •. ^h$ • 
other p^ : 6^jtairi^<a i>y chrqm^1;ographic :ira^ : ; 

tionation or by selective precipitation. 

/^•S&i'd ;.terriiinal V;'gr.Q.u^ '■^Si?iy/ ; ^x4 r 'di^ , : : - 
5 zed to aldonates, for example with NalO, or reduced to 
alcohols, for example with NaBH^ . 

The process object of the present invention, does 
not change the content of the SO^H groups, important for 
the biological activity, as it turns out from the SO-jH 
10 eq/ COOH eq ratio deduced in the depolymerization products 
; as compared with the starting products. 

Said process, moreover* is characterized by the 
possibility of being kept under control and stopped at : the 
desired rate of depolymerization, with consequent substan- 
15 tial advantages ^&0^^<^p^]9^-. evident; to the expert j6£- : . 
the art . 

The process is controlled by: assessing the mean 
molecular weight or an oligomer I s ; :bioiogical aetivity, 
directly related with its mean molecular weight, such as 
20 for example the APTT (Activated Partial Thromboplastin 
Time) or activated anti-Factor X activity . 

The process can be stopped at wil 1 by lower iiig the 
reaction pH or the temperature or by d i s c oh t inu i ng the 
production of radicals or by inhibiting with a known inhi-- 
25 bitpr : such: as SOD, catalase, p-oxybenzoates. 

The products of the present invent ion show a mean 
molecular weight ranging between 2,000 and 7, 000 daltons. 

The present invention also concerns all the 
aspects i applicable on an industrial scale, associated 
30 with the use of the products, resulting from the process 
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of the invention, for human therapeutic appi icat ions such 
as antithrombotic , fibrinolytic and; antiinflammatory 
agents, with poor or no anticoagulant activity? for the 
.purpose, the compounds , that are the object of the present: 
5 invention, are formulated, by conventional techniques and 
excipients* as : ; pharmaceutical compos itipns suited for 
parenteral, -topical and oral administration. 

Examples of formulations, suited for parenteral 
administration, include sterile : solutions contained in 
10 ampuls. 

Examples of formulations, suited for oral admi- 
nistration, : inclu^ /tablets and syrups , wherein 
the active ingredient ;may ail so be vehiculated in form :df: 
liposbmes or micelles. 
15 Examples of topical formulations are provided by 
ointments comprising the usual excipients known in the 
•.art. 

The - ^^^p^i^px^ed examples illustrate the in- 
vention with rip limitatibh to its scope . 
20 ;•. EXAMPLE 1 .? 

305 Grams of HFA 116-7 raw heparin/ together with 
300 g of sodium chloride and 300 g of sodium acetate dihy- 
drate, are poured into a reaction vessel , with 2 liters of 
water. .' 

25 As soon as dissolution has occurred, a salt is 

added, cprresppndent to 4.35 g of divalent copper dissol- 
ved in 300 ml of prater . A solution of 1000 ml of 15% hy- 
drogen peroxide apd a normal solution of NaOH are dropped 
separately, under constant stirring , in order to keep pH 

30 at a 7.5 value in the course of the reaction. Dropping and 



stirring i^^'^j^^^^T^ 1 hours ; the temperature of the 
reaction mass is kept at 45°-60°C. The reaction mass is 
then cooled down to room temperature, and added with 17 g 
of disodium ethyiehediaminetetr 
$ the pH is adjusted at a 5.9 value with acetic acid. 

Depolymerized heparin is precipitated with 7.9 
liters of methanol; the precipitate ., collected on a fil- 
ter^ is dissolved again in 4 liters of water, : and added 
with 75 g of sodium acetate monohydrate and 4 g of EDTA. 

10 The resulting solution, adjusted to pH 5.8 with acetic 
acid, is treated with 8 liters of metharibl? the resulting 
precipitate is collected by filtration , washed with metha- 
nol and acetorie, i^d dried. 

255 Grams (83.6% yield) are obtained of a low mole- 

15 cular weight white heparin (OP 85/0201) , having the follow 
wing chkrabtqristics : mean molecular weight : 4200 (Hil- 
born J.Ci and Anastassiadis, Anal. Biochem. 39, 88, 1971) ; 
U^APTT 33,19 ( Basu D et: al . , N . Engl . J . Med . 2 87 , 3:24 , 
1972); U-aXa 81.7 (Teieh A.N. et al . , Thtomb. Res . , 8, 

20 413, 1976) , The starting raw heparin had respectively the 
following characteristics : 13/700; 170. 7 ; 166 .8. 

EXAMPLE 2 

2^d; Gr^ are introduced into 

a thermos tati zed reaction vessel, together with 200 g of 

25 sodium acetate tr ihydra;te and 200 g of sodium chloride. 
2100 Ml of a 0.02M solution of a cupric copper salt are 
added. When dissolution has occurred, 500 ml of 19% hydro- 
gen peroxide and N NaOH are separately dropped, in a 15- 
minutes interval of time , in order to keep the pH of the 

30 reaction mass at a 7 . 2 . In the inner reaction vessel, the 
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: : 1 tem^ 35? and 50°C ; 

30 Grams of sodium EDTA are added 60 minuted after 
starting the reaction; the solution is adjusted with 
tic acid at; pH : 5.9, and the produc is precipitated with 2 
5 volumes of Met OH. 

The precipitate is washed: with acetone, '^:d\ii^£?f 
diatpely dissolved again (with no drying ) in 2 liters of 
water . 5 Grams of EDTA and 50 g of sodium acetate are 
added. The pH is adjusted to 6, and 2.5 volumes of MeOH 
10 are added under stirring. 

After filtration, anhydrif ication with acetbne and 
drying, • • 183 g are obtained of raw product, qbded 
OP84/2610> in a 91.5% yield, having the characteristics 
: shown i h : Tifale aU. 
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• The copper content r£Sult£ ;;tb'': be ' 3 . 93 ppm. 

The antithrombotic activity (Ant . Act. ) was ass£s^ 
sed; in yiyq : acdordirig tb; ;/.fe^e-<emfefeA^^> 'lo^^ : St^v^'^^-* : S : 4< ^ Mus^bni 
L.> Donati M.B. ., De Gaetanq G>, Thromb. Res. 18, 699/ 
5 1980, following intravenous administration . Sulfur and 
urohic acids were measured ^poit^htioirietrically.:, after remo-; 
ving a possible inorganic acidity by chromatography on an 
anionic column (OH form), and liberation of heparihic 
aci^a through transfer on ^i^^ibniic column (H*) . The ratib 
i;0 befev/ie^h the two titration f lexur.es corresponds to the 
^SGVIi eq/^COOH eq. 

Bioavailability following oral a<^nistrciti6n 

y:"-;-^wi$eii the product is administered through the in- 
route> by a suited w consisting of £ ; lipid 

15 phase and a surfactant agent suited to* ensure a stable 
mic^llar system (Stanzarii L. , : Mascellani G. / Cqirbelli 
G.P. r Bianchini P. , J. Brit - Pharmacol . , 21, 783, 1981) ; : 
in the venous thrombosis model according to Reyers et al •> 
the below reported ED 50 are obtained for halving the 
20 thrombi weights. 
: \ v' : :«iA) :.;?l.i-(5. ; .7 v ,-=; 7.5 mg/kg 
6p/ 84/2610 = 3.25 mg/kg. 

EXAMPLE 3 

Into a reaction vessel fitted with a thermostat ized 
25 bath, stirrer, calibrated drop funnels and thermometer, 1 
kg of HFA 15 raw heparin, 0.495 kg of sodium chloride, and 
1 kg of sodium acetate are introduced and dissolved with 
10 liters of water. 46 Grams of copper acetate monohydrate 
dissolved in 1 liter of water are then added, the tempera- 
30 ture is adjusted to 35°C and within a 2.5-hours time, a 
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solution: of N : .:;Na^ 

7.5, and a 9% hydrogen peroxide solution are separately 
added. The inner temperature is concurrently checked so as * 
to allow an excursion from 35 °C to 60°C. 
5 In the course of the reaction, samples are taken 

out at regular intervals of time in order to check the 
parameters pertaining to the in vitro activity (U-APTT and 
U-aXa) and to the mean molecular weight. 

At the end of the reaction, 90 g of EDTA are added, 
10 the . pH is adjusted ' at - . 5.9 with ' 30% acetic • acid, - and 4 4 v- jr^^/A 
liters of methanol are added to the reaction mass. 

; The formed precipitate is collected by f iltrationy 
washed with methanol, and dissolved again in -10 liters y^y.-^}-}]. 
water. 

15 The resulting solution is added with 350 g of so- 

dium acetate, 20 g of EDTA and, after adjusting the pH at 
a 5.8 value, added with 20 liters of itieth f6rvc(e^ y 

precipitate is collected, washed ,;^th methariol and acetbr 
ne, and dried. 845 . 5 Grams ( 84 . 5% yield) are obtained of a - ..' • 
20 low molecular weight white heparin, having the following 
characteristics: 
- molecular weight: 4, 600 daltons 
U-APTT 34.4 U-aXa 72.5. 

The pattern of the mean molecular weights of the 
25 oligomers, at the various stages of the present process, 
as well as the related analytical characteristics and 
biological activities, are reported in the following Table 
.2. 
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The resulting 

of water r irid p^rp^Iafeetd /qft^. :m c^nipn^' exchange ^rpin 
column, highly basic in an Olf form (amberlite type) (100 
0 x 650 mm) at the rate of 2 voiumes/hbur approximately. 
5 The eliiate is added With acetic acid to pH 5 f and percpla- 
' tWd dii 2 liters of a mildly kcid ; c^ resin. 

• The Vluate j following precipitation with methanol , 
gives 803.2 g of a highly purified low molecular weight 
heparin (LMW OP 144) . The v atomic absorption test : proved 
10 the absence : of copper. : 

The signals of the reducing terminal groups appear 
in the anomeric area of the 13 C-NMR spectrum, recorded kt 
20 Mz in b-0/ i . e . G- 1 of N-^s;ui f ited giucosamirie ( 
ppm) and 2^0 sul fated idUpbrvife a<: id (94 . 4 ppm) , in compa- 
15 rison with methanol as internal standard, whose chemical; 

shift is 5:1 .75 ppm. . • 

; EXAMPLE 4 ' ■ 
25 Grams of heparin > previously depdlymerized 
(0P84/041O) by a process analogbiis to the one specif ied in:: 
20 the Example 3 having the following characteristics: 
(U-APTT/mg = 7; U-aXa/mg - 52y in vivo antithrombotic 
activity 116, molecular weight: 3 300) are subjected to .a . 
process of further depolymerization, as hereinbelow speci- 
fied . 

25 25 Grams of said LMW-heparin are poured into 200 ml 

of water, with 0.75 g of copper acetate. 180 Ml of 16% 

hydrogen peroxide are then added within 2 hours, under 

stirring, at a temperature of 65-70°C. The pH is kept at 

7.4, by means of NaOH. The resulting solution is cooled, 

( R) 

30 adjusted to.pH 6, transferred on a chelex 100 column 
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, : • . • _ . ' ; ' . • . V ; . ; - 17 -y V- - ; ; .•; ■ . . ' " : " 
• : (2i.8;^ x 13 cm) , then on an amber lite column (IRA. 466 
OH form,; 4>2 / x 8 cm) arid subsequently on a polystyrene 
column, strongly acid in a IT form. 

The elU^^ jtp pH 7 , and firee- 

5 ze-dried. 19.55 Grams (78.2 yield) are obtained of a low 
molecular weight OP ; 119 heparin : its ' characteristics:^ 
compared with the ones of the starting product, are repor- 
ted in Table 3. 

" TABLE "3 



Prbduct : " : 


M.W. 




Urohic 
acid % 


eq'sO.H 
eq~C00H 


P8 5/0410 


3200 


10.78 




2 .09 


VLMW OP 119 


1700 


7.3* 


20.8* 


2.12 



NOTE ; * An ^liqubt of the very' low molecular weights was 
kept Back from the anionic bdlumh: this evidence 
explains the decrease :in^:;^lae. percent values of 



20 ^ulfurfr^ri^a urbntic acids. Abtti^lly, the ~S0 3 

eq/:^btt: eq values proved to be : unchanged . 
The ; ^ 92.7 ppm, a very 

evident signal asci-ibable to the anbnteric: carbon of N-sul- 
fated glucosamine; signals, possibly ascribable to the 
25 carbons of glucuronic acid and idurohic-2-O-sulf ate re- 
spectively, appear at 90.9 and 94.4 ppm. 

EXAMPLE 5 

10 grams of dermatan sulfate (060284 Ac/sol) having 
mean molecular weight of about 12,000 for 50% 
30 and > 25,000 for 50% about and having 21 U antithrombotic 



•;;:<' activity arid 1> 7 and 17 U-APTT arid U-aXa, respectively, 
are poured into 100 nil of waiter> tbgether with 10 g of 
sbdi urn chlbr i de - ariid 10 ■^■>di.;^dd^iai#: acetate . ,: ^4-5-:^ra^ of 
bbpper acetate ;mo^ ate added ; \ -When dissblutiori 

5 occurred, 20 ml of 24% hydrogen peroxide are added within 
40 minutes , keeping temperature between 25° and 47°C, and 
pH at 7.6 with NaOH . .. . 

. Stirring is continued for 20 further minutes;. 0.5 g 
of EDTA' are added/ and the pH is adjusted to 6 with aqe- 
10 tic acid; the depolymerized product is precipitated with 2 
'\';--"^bi:ume^^bf m^th^nol ^ The solid residue is collected vby 
filtration, and dissolved again in 100 ml of water. After 
• addition of sodium acetate and 0.45 g of EDTA, and adjust^ 
i m6iit of the pH to 6 , the cbmpound is precipitate^ a^axn 
15 wit h nie ttia;nol . Following filtration, the cdlle^ted solid 
residue provides, after drying, 7.1 g (71% yield) of a low 
molecular weight dermatan sulfate. The product , subjected 
: tb c analysis, prbyided the follow 

wing data . 
2d Mean molecular weight: 3000- 2 800 

S%: : 7.4 ■ • • 

Urqriic . acids %:v:.28,^ 

J /eqC00H * 1#4 
"In vitro" activity U-APTT: ^ 1 

25 U-aXa: 29 

"In vivo" antithrombotic activity i 35. 

Dermatan sulfate 060284 was fractionated on a Cel- 
lex D DEAE cellulose column, activated with 0.5 N HCl, 
under! the following conditions. 8 Grams of dermatan sulfa- 

30 te were chromatographed on a column (2.5 0 x 55 cm) balan- 



/H QV/VVA. 



bed with 0.1 M NaCl. Elutions were carried out with 2 
liters of 0.1 M, 0.3 M and 1.5 M solutions of NaCl. The 
eluates were concentrated, and dermatan sulfate was preci- 
pitated with two volumes of methanol. 
5 The tested fractions, together with their fractio- 

natibh - yields -arid; characteristic^ T^JSle 
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21.2 


36)7 
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W086/O6725 



rci/c,t7S0/uuzyi 



Diepolymerizatibri alibws to obtain in a good yield 
oligomers having a satis 

attainable in a very low yield throiigh highly- time-consu- 
ming fractionations. 
:5 ; : The depo 1 ynier i z at ion products' are moredver endowed 
• with -a fibrinolytic activity. 

EXAMPLE 6 ' 
'■■ ;5 : CSraitts; of liep^ witli : a me ^ 
13,700 daltons, are dissolved in 100 ml of water, with 10 
1 0 g of sodium abetate . 15 Ml of : a 0 .32 M solution of ferrous 
r sulfate are added ,;. and 56 ml of 5.4% hydrogen peroxide 
dirbpped thereafter within 40 :mi^^ ./-The; J :temperature of 
the reaction mass is : kept at /60°C. The pH is adjusted to 
7 ^5 fith NaOH. The reaction Ms^ is^ arid : f ilteretd 

15 on dedal ite . The f iltrate is added 0:. 6 g ; bi EDTA , arid 

the product precipitated with: 300 ml of raetha:nQl. The 
i jprecipitate is cbll0cte<i . by . filtration, and dissolved 
: ; again in 300 ml of ■'^^er^\ : ," : 'Q .6 Cruras of EDTA and 18 g of 
sodium acetate are added; the resulting mass is repreGipi- 
20 tated with 600 ml of methanol. The depblymef izat ion pro- 
duct, collected by f i It rat ion , g iy e s after drying 4 .6 g 
(92% yield] of heparin with a molecular weight of 7 , 9 50 ; 

2 Grams of OP 436-7/08 heparan sulfate, with a 
25 molecular weight of 20,800; are dissolved in 30 ml of 

water, together with 92 rag of copper acetate mbnohydrate. 

15 Ml of 7.2% hydrogen peroxide are -dissolved within 60 

minutes, keeping the pH to 7 with sodium hydroxide, and 

the temperature at 50°C. 
30 At the end of the reaction, 2 g . sodium acetate , lOO 
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= riicj 6 f E b& A arid 100 ml 6f et%ndl are Padded. The formed 
precipitate is collected by filtration, washed with me- 
thanol, and redissolved in 15 ml of water . The solution is 
acidified with acetic acid up to a 4.5 pH value , and elut- 
5 ed on a IRC 718 amberlite resin column (1.2 0 x 12 cm); 
the eluate is added with 0.45 g of sodium acetate at pH 
5.5, and finally with 30 ml of methanol. 

The depolymerized hepjar<an ; sulfate precipitates, 
which is collected and dried. 1.18 Grams (59% yield) of 
10 product are obtained, having the characteristics shown in 
the herein reported Table 5. ' - 

'■ ' : ' . ' • : :-: 'j^LE;-::5;;v/ / ■ /. " 



• Product/ : 




U-APTT 




s % . 


Ur.Ac. 

; % • 


-S0-H 
-C00H 


HS 436^7/0$ 


26800 


? 5.32-".: 


19.45V \ 


;:.:.5i.9:5 ; ; 


23.52 


1.53 


LMW HS 


5300 




10.49 


■:v5v : 45:; 


22.05 


1.48 j 



2 0 ' EXAMPLE 8 

i$ Gram^ with a molecular weight of 

14,500 daltoris are poured into 100 ml of a 0.01 M solution 
of a divalent copper salt, containittg 5% of sodium chlori- 
de and 5%; of sodium acetate . 50 Ml of a; 1. 6 M solution of 
2 5 sodium p^r sulfate are added under stirring , heating at 
"58 ?C. 

The jpH is kept at the approximate value of 7 with 
sodium' hydroxide, the solution is cooled . The crude reac- 
tion product is precipitated with 350 ml of methanol? the 
30 precipitate is dissolved again in 50 ml of water, eluted 
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on an anionic exchange resin ( 4 . 2 jar x 15 cm ) in the OH 
form, and subsequently on a cat ionic exchange resin in the 
H + foirm (4.2 # x 10 cm) . The eluate, neutralized at pH; 7 
and added with 3 g of sodium acetate, is treated with 200 
5 ml of methanol. 

The precipitate, collected by filtration, gives 
after drying 3*47 g (69,5% yield) of highly purified hepa- 
rin with a molecular weight of 3,900. 

EXAMPLE 9 
10 Salification with calcium 

200 Grams of OP 146 LMW heparin, with a mean mole- 
cular weight of 4 ,700, 28.4 U-APTT/mg , 88. 67 U-aXa/mg with 
9.55% of sulfur, 27.8% of uronic acids and a ratio = 
SO^H eq/COOH eq = 2.08 (assayed potent iome trie ally ) are 
15 poured into 2000 ml of water, and percolated on a column 
(4. 2 x a strongly ac id • polystyrene 

resin in the H + torin . 

The markedly acid eluate had been constantly neu- 
tralized with a solution of calcium hydroxide. At the end 
20 of the percolation process, 60 g of calcium chloride were 
added, and the LMW calcium heparin precipitated with 2 
" volumes of methanol. 

After drying, 191 g of OP 149 Ca (95; 5% yield) 
calcium heparin were obtained, showing a molecular weight 
25 of 4 ,600 daltOris ^ characteristics : 

S = 10.63%, Uronic acid = 28.78%, = 2.24 (potentiome- 

tric assays)!. 

Ca =9.58% ( by atomic absorption ) 
Na = 0% (by atomic absorption ) 
30 U-APTT = 25.2/mg; U-aXa = 84.2/mg (assays by the chromoge- 



WO 86/06729 



The preparation resulted to be pyrogen-f ree. 

EXAMPLE 10 

Heparin* depolymerized according to the present 
5 process (0P118 K having 94.81 U-aXa (cromogenic) per mg 
^'•^in^^ given to rats, * by tKe intra- 

ileal route, at the dose of 35 mg/kg, iri compair ison with 
heparin (non-depolymerized) given at the same dose* S- 
amples were collected at intervals, and the anti-activated 
10 Factor X activity (aXa) was assayed in the plasma of rats. 
The plasma levels are reported in the following Tabl^ 



20 



Product 




min. 


mcg/ral 


AUC . 


LMW/0P118K 


■ '■:'■%■;■ 


0 ; 


0 






2 


15 


13.9 






3 


30 


19.1 






: 4 


60 


32.3 


3585.7 




■ 5 ■ 


90 


26.5 






6 


; i2o ' 


11.7 






7 


240 


5.1 




Heparin ; 


: 1 


o 


0 






2 


"•IS'' 


1.9 






3 


30 


2.4 






4 


60 


4 .6 


426 




: 5 


120 


0.95 






6 


240 ' 


• 0.85 





The obtained LMW has a bioavailability 8 times as 



hi^h is that of the high molecular weight heparin, accor- 
ding to the comparisons of the areas under the curve 
30 ( AUC) * 
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EXAMPLE 11 ; . 

^r; Dermatah sulfate (DS), depolymerized according to 
the conditions of the Example 5, provided the chemical and 
activity characteristics shown in the following Table 7 , 
5 as compared with the characteristics of the undepolymeriz- 

•• : :e"d : :.prbcJucti : .:-- 

. ; 'TABLE - 



Product 


;U-APTT 


U-aXa 


M.W. 




Uronic 
acids 


S0 3 H 
: ; COOH 11 




3.7 '' 


24.1 


14000 


6.8 


27.4 


1;51 


LMW-DS 


/ 5.2 : 


25.3 


3000 


?v7 : 


27>8 


1.67 x 



15: "^^^^^^wWiig- an intraileal adini n i s t r a t io n , given to 

rat s in the exper ime n t a 1 thrombosis model, LMW-DS providecL 
an ED^- (for halving the thrombi weight) of 6.9 mg/kg: 
versus 8.9 mg/kg of the undepolymerized DS . 

LMW-DS also proved to be fibrinolytic. 
20 EXAMPLE 12 

K\:^\^/'^^^l of dermatan sulfate OP 239 (formed by 
^foiio^ of molecular weights : 19% > 20, 000, 

30% - 14 ,000, 50% - 12,000, determined by HPLC) and having 
2f^/ D t ^ 60 are placed in 100 ml of water, tbgether with 
2 5 250 mg of acetate copper. 

30 Ml of 15% hydrogen peroxide are added during the 
period of an hour at a temperature between 37° and 40°C. 
pH is kept at 7.5 with total 14 ml of NaOH N. 

At the end of the reaction the solution is cooled 
30 at 20°C and pH is lowered at 5.8 with acetic acid. 
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•v . : -. 2.6 - < ■ ■ 7 .v _q 

Twb volumes }cff methyl \\al^bh0l. :r 4r : ^'-^ddea ^nd:v;t:fiev-so :: 

is soiubilizied in 60 ml of water and e luted on Che lex 
(R) 

100 Resin (ff 2, h 18 cm). The obtained solution , toge- 
; i 5 the r with t tie washing water: of the column , is added wi t h 2 
volumes of e ttiaribl ."• The • : ptecipi tatfed , i solated' by f i ltr a- 
•V-'-tibn and ^ (61% yield) of dermatan 

sulfate with the following features: 
[Jxj 59.3; S =6.7%? Iduronic acids =30.7%; 

eq GQOH 

•' -v.. Me dium ; irip 1 ie c u 1 ar wei^hit = 4 /S0O Daltons (by HfLG 6h • trd- 

tein Pak 125 Cblu^nn titers) ) 
C-NMR chemical shifts are given with respect to external 
15 tetramethylsilane , vising methanol as an internal refer 
ce. The chemical shift of methanol in D 2 0 relative to that 
pf tetrametjtiylsiiane was 51.75 ppm. * 

Chemical shifts 6f L-idosyluronic acid (U) arid of 
ac e t am i dode oxy ^ D - ga lac t b s e (A) , with ; the indication of the 
Z& cax^cm atoms to which they belong , are given : <5 ( ppm) : 

104.8 ( U-), 103.6 (A^, 82 (A ').# 77.73 (U^ 76.94 (A^), 
76.08 (A 5 ), 72.7 (U 3 ), 70.9 tV^) , 60.72 ( A^) > 52 . 9 ( A^) f 
. .. 25.7 (GH- ) . 

In the range 90-95 ppm the signals of the reducing 



2 5 end^groups ( A^ and ) are evident . 



I. 



The in vitro compound gives: U-aXa = 2.5 U. 
and U-APTT = 1.3 U.I./mg. 

In the kaolin experimental thrombosis according to 
Hladovec (Physiologia Bohemoslovaca, 24^ 551 f 1975): it 
30 has given ED^^ = 1.2 mg/kg e.v. 
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' EXAMPLE 13 

5 Grams of dermatan sulfate 7-8 HF having molecular 
: : weight > 34/000 ( by HPLC) airis placed in 100 ml of water , 

together with 5 g of sodium acetate . 
5 230 Mg of monohydrate cupric acetate are added and 

: - ;P-ii0^^'^-'^'^£ : ' 12% hydrogen ; peroxide are : dropped f or an 
hour. s . 

The temper ature is kept between 30 6 and 3 8 °C arid pH 
is kept at 7.5 with total 5 ml ; of NaOH 0.1 N. 
10 : At the end of the reaction 500 mg of dihydrate 

bisbdic EDTA are added, pH is adjusted at 5.9 with aqetic 
icid a!nd the depoliraerizatibn product is precipitated with 
2 volumes of methyl alcohol. : 



The product is , then, worked out as in: the y :'; : pr&y$6ii$. 



15 Examples. 



20 M. W. >" ~ 6,000 Daltons, determined by HPLC on Protein Pak 
125 column ( Waters) , flux 1 ml/minute , phafs;e ; 
mobile 0.125 M Na_S0 buffered, at pH 6 With: 




25 standard with chemical . shif^:.:^i.^^5 :: -5pm) : ? ^^•p^>m.• ^^•0^:^^>;i^ • 
iduronic acid), 103.37 (G-l amino- sugar- 4 .O^stilf ate) ; : 
60.72: (O 6 amino-sugar-O-sulf ate ) ; 52 . 95 (C-2 ami no- sugar 
N.Ac. ) . 




C&J • - 60 (in water) 




30 "In vivo" antithrombotic activity : 24.7 U. 



it 



In vitro" U-APTT: 2 U.I./mg. 



CLAIMS • " 

!• ; ^P % ipces's; i;f or the preparation of ; ^li^os^ctid^i^s ; by 
controlled chemical depolymerization of natural polysac- 
5 charides, characterized in that said polysaccharides are 
Subjected, in aqueous solution at a teinperature between 20 
and 70 6 C, to a radicalic reaction initiated by a radical/ 
in the presence of a catalyst selected in the group cpnsi- 
stxrig of Cu , Fe v> Cr •; ; • .:;Cr^0^ ;;. . 

10 2; Process according to claim 1, characterized in that 

the • r aidic al i s generated , in an aqueous solut ion , from a 
peroxide compound selected in the group consisting of 
peracetic acidr 3rdhlprorperbehz6ic ac peroxi- 
de, curnene hydroperoxide, sodium persulf ate, be perb- 

15 xide. . ; • : V ; 

3. Process according to claim 1> characterized in that 
the catalyst is used in concentration from 0. 1 to €.001 M. 

4. Process according to the previous claims, character 
rized in that the reaction is cairried but in solutions of 

20 polysaccharides in concentrations even higher than 10-15% . 

5. Process according to the previous claim 

rized in that the polysaccharides are selected in the 
group consisting of heparins, heparan sulfates, dermatari 
sulfates, chohdroitin sulfates, hyaluronic acid. 
25 6. Process according to the previous claims , for the 

preparation of low molecular weight heparin fractions 
salified with sodium, potassium, calcium, lithium, or 
magnesium. 

7 . Low molecular weight fractions of natural polysac- 

30 charides , obtained according to the process specified in 
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the claims 1 td 6/ 

8, v 

according to the process specified in the claims Ho. 6, 
I possibly salif led with sodium, potass ium or calcium . 
5 9. Pharmaceutical compositions with an antithrombotic, 

antiinflammatory, fibrinolytic activity, containing, in 
: terms of active iri^iredierit/ the fractions: of natural; poly- 

sacchari 8 ^ 9 \ : 

10. Compositions according td i ./claim ?, suited \£oryM- 
1:0 parentiBjirai or: oral or Itopical a<toinistrationv ; iri the form 

of sterile injectable solutions of suspensions, capsules, 

tablets, sy r lip s whe r <e in ^he active ingred be posr 

sibly yehiculated into liposomes or micelles, or still 
• ' ' creams or • ointments ; . " '•' :: 
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